Results and Discussion
Phytoplankton nitrate uptake increased rapidly as the spring bloom developed and continued to increase through early January (Fig. 2) . Particulate nitrogen accumulation also increased in parallel with NO3-removal in early spring, but PN concentrations began to decline in mid-December (Fig. 2) . Nearly all (> 90%) of the nitrate removed was convened to particulate nitrogen during austral spring, but this percentage steadily decreased as the bloom progressed (Fig. 3) . The early (mid-bloom) decline in PN suggests that either losses from the upper 150 m via vertical flux or remineralization of organic N had become substantial. However, the vertical flux at 200 m was not observed to increase, and ammonium (the end product of oxidative consumption of organic nitrogen) concentrations rose sharply (Table 1) Similarly, the build-up of ammonium is similar to the estimated remineralization rates, which again give us confidence that the one-dimensional approach is producing reliable insights into the nitrogen transformation rates in the surface layer of the Ross Sea.
It has been argued that in some areas of the ocean respiration exceeds photosynthesis [del Giorgio et al., 1997], but Williams
[1998] argued that the upper 100 m of the ocean are largely in balance with regard to photosynthesis and respiration. The mean respiration rate as a percentage of gross production from the Southem Ocean (based on oxygen profiles largely collected during austral summer; Williams, 1998) was 39%. Our data, while being derived in an entirely different manner, suggest that in mid-summer there is a quantitatively similar relationship between nitrogen remineralization and new production, with strong temporal control on regeneration (Fig. 3) bloom respiration accounts for only a small (ca. 7%) percentage of new production (or nitrate removal), whereas during the austral summer the percentage increases to nearly 37% (quite similar to oxygen based estimates for the Southern Ocean). The early season values likely reflect the temporal uncoupling of autotrophic production and heterotrophic consumption (by bacteria and/or herbivores). The Ross Sea is known to have spatially restricted phytoplankton distribution [Arrigo et al., 1999] , with diatoms dominating the western region and the haptophyte Phaeocystis antarctica dominating in the central region. No evidence was found that the nitrogen inventories were quantitatively influenced by species composition, despite the fact that regions dominated by either diatoms or P. antarctica may have different rates of production and vertical flux [Smith and Dunbar, 1998 ]. It is likely that by using means for the entire transect and completing the analysis over seasonal time scales that these species effects became quantitatively less important. The presence of mesoscale eddies also was not detected, which would increase the nitrate concentrations within a transect and alter the distribution of biomass [McGillicuddy et al., 1998 ]. We conclude that either the frequency or intensity of such eddies in the Ross Sea during this study was small, or that our sampling pattern was too coarse to include their effects.
Our analysis shows that in coastal Antarctic waters an internally consistent N budget can be derived. The nitrogen budget for the southern Ross Sea shows that it is highly productive, that most of the production is partitioned into particles, and that community respiration of organic matter increases through the season and is alecoupled from new production during austral spring. The inventory also confirms that drifting sediment traps can accurately determine particulate flux from the surface layer under some circumstances, and that these fluxes were quantitatively similar to DON production during this period. Such elemental analyses should be of great use when extended to other polar regions that undergo seasonal progressions of nitrogen transformations, and should help in the elucidation of the temporal evolution of the various organic pools within the water column.
